The experiments were carried out at the Regional Agricultural Research Station, Rahmatpur, Barisal during the rabi seasons of 2001-2002 and 2002-2003 to study the impact of different sulphur levels on bulb yield, storability and economic return of onion. Sulphur application had significant effect on yield components and bulb yield of onion. The highest bulb yields (19.75 and 19.88 t/ha) were obtained from sulphur levels between 60 and 75 kg/ha in two consecutive years. Both the cumulative weight and rotten loss were significantly influenced by sulphur fertilization. The maximum weight loss (40.78%) was recorded after 180 days of storage in S 60 kg/ha and the minimum (31.40%) was found in S45 kg/ha. The bulbs stored in bamboo platform were found in acceptable condition after 6 months of storage showing 31.40% of weight loss. The maximum rotten bulbs (63.75%) were observed in control treatment (without S) and the minimum rotten bulbs (37.04%) were observed in S45 kg/ha after 180 days of storage because application of sulphur enhanced the storability of onion bulbs. The highest (9146 %) marginal rate of return (MRR) with gross margin of Tk. 181844/ha was obtained from the sulphur level S 60 kg/ha.
Introduction
Among the spice crops grown in Bangladesh onion ranks second in acreage and first in production. Onion production of our country does not meet up the domestic demand. The total onion production is about 589.41 thousand metric tons in an area of 86.43 thousand hectares of land (BBS, 2007) . where the national demand is about 687.65 thousand metric tons (FAO, 2005) . The national average yield, of onion per hectare is only 6.91 tons, but the world average yield is about 17 t/ha (FAO, 1999) . There is an acute shortage of onion in relation to its requirement. Due to limitation of land, it is not possible to raise the area and production of the crop horizontally. The high demand of onion can only be meet up by increasing its per hectare yield. This can be done by many ways of which the most important are the judicious application of fertilizers, introduction of high yielding varieties and proper management practices. In addition to NPK nutrients, sulphur has been found to be very beneficial for onion. It is essential for proper vegetative growth and bulb development. Inadequate supply of sulphur nutrient causes slow crop growth at any stage resulting in yield reduction. Moreover, most of the Bangladesh soils are deficient in available sulphur that roughly covers 44% of the total cropped area (Hussain, 1990) .
Sulphur has been found not only to increase the bulb yield of onion but also improves its quality, especially pungency and flavour (Jaggi and Dixit, 1999) . Severe sulphur deficiency during bulb development has detrimental effect on yield and quality of onion (Ajay and Singh, 1994) . Sulphur containing secondary compounds are not only important for nutritive value or flavours but also for resistance against pest and diseases (Bell, 1981 . Onion storage is important to provide product for fresh market, export and processing. Storage potential of onions mainly depends on the cultivar, climate conditions during growing season and storage methods (Adamicki, 2005) . Storage of onion bulbs in the country is a serious problem for both growers and consumers. Rahim el al. (1983) reported that in some exotic cultivars, storage loss is even 100%. The neck thickness and storability decreased with increasing levels of sulphur (Kumar el al., 2002) . Therefore, the present study was undertaken to find out the optimum sulphur dose for increasing bulb yield and storability of onion.
Materials and Method
The experiment was carried out at the Regional Agricultural Research Station. Rahmatpur, Barisal during the rabi seasons of 2001-2002 to 2002-2003 The experiment was laid out in randomized complete block design (RCBD) with four replications. The treatments consisted of eight levels of sulphur (0, 15, 30, 45, 60, 75. 90 and 105 kg/ha). The unit plot size was 3 m x 4 m. A blanket dose of N 100 P 80 K 100 kg/ha with cowdung 5 t/ha were used with each treatment.
Among the blanket dose of NPK fertilizers 1/3 N and whole amount of PK were applied at the time of final land preparation in the form of urea, triple super phosphate and muriate of potash, respectively. Well decomposed cowdung @ 5 t/ha was also used at the same time. The remaining 2/3 rd urea was apnlied in two equal installments during 3 rd and the 5 th week after transplanting as top dressing. Onion seedlings of 45 days old were transplanted on the 28 December 2001 and 30 December 2002. BARI Peaj 1 was used for the present study. The row-to-row and plant-to-plant spacing were 20 cm and 10 cm, respectively. After transplanting the seedlings, various kinds of intercultural operations were accomplished for better growth and development of the plants. Weeding and mulching were done when necessary to keep the crop free from weeds and to pulverize the soil. The young plants were irrigated by water cane. Threeirrigations were given during the cropping period. Preventive measure was taken against soil borne insect. For the prevention of cutworm (Agrotis ypsilon) soil treatment was done with Furadan 3 G @ 20 kg/ha. No incidence of insect pest infestation was found in the field but after few days during growth period some of the plants were attacked by purple blotch disease caused by Alternaria porn. It was controlled by spraying the crop with Rovral 50 WP in due time. Bolting was discouraged by nipping off the flower stalks whenever they appeared during the growing period of the crop and the flowering stalk or bolting was broken and removed whenever appeared in the plants. The crop was harvested on 4 April 2002 and 7 April 2003 when 80% of the plants showed the sign of maturity by drying out most of the leaves and they collapsed at the neck of the tops. The yield attributes of onion were recorded from the randomly selected ten plants collected from each unit plots during harvest. The bulb yield was taken plot-wise and thereafter converted into ton per hectare. The storability was observed after harvest of onion bulb at different days after storage. The data were analysed statistically and the means were separated by Duncan's Multiple Range Test (Gomez and Gomez. 1984) .
Results and Discussion

Effect of sulphur levels on yield and yield components of onion
Yield and yield attributes of onion bulbs as influenced by sulphur fertilization are presented in Table 1 . Sulphur fertilizer had significant positive influence on the weight of single bulb, diameter of bulb and bulb yield upto certain level. Weight of single bulb ranged from 21.0 to 40.0 g 2001-2002, 22.25 to 35.75 g 2002-2003 across the sulphur levels. Weight of single bulb was the highest in plants treated with 75 kg S/ha. Plant receiving 45 or 60 kg S/ha had significant effect on single bulb weight. Further increase in sulphur fertilizer tended to decrease the single weight of bulb irrespective of years. Application of S 0 kg/ha gave the lowest bulb weight. The results are in agreement with that of Ahmed et al. (1988) . The bulb yield (t/ha) of onion was also varied significantly due to sulphur application in all the years (Table 5) (1996) . There was a significant increase in bulb yield due to fertilizer application suggesting that the soil was highly deficient in sulphur that resulted a larger yield difference. Moreover, increase in bulb yield under 60 or 75 kg S/ha might be due to production of taller plants with higher number of leaves leading to increase formation of vegetative structure for nutrient absorption and photosynthesis and increased production of assimilates to fill the sink, resulting in increased bulb size and weight. However, beyond 75 kg S/ha negative response of sulphur application was recorded. Plants grown without sulphur had the lowest bulb yield. Sulphur deficiency had an adverse effect in terms of poor growth and low yield of onion. 
Relationship between sulphur levels and bulb yield of onion during
Averaged over years, yield response to applied sulphur followed a quadratic (Ya+bx cx) relationship (Fig. I) . The value of R 2 indicates that the sulphur levels can attribute to 95% for 200 1-2002 and 91% for 2002-2003 of the total variation in bulb yield. It means that over 90% of variation in minimum yield could be attributed to S nutrition.
2001-2002 2002-2003
Sulphur levels (kg/ha) Sulphur levels (kg/ha) Fig. 1 . Relationship between sulphur lwvels and bulb yield of onion.
Relationship between rotting and weight loss of onion bulb during storage as influenced by sulphur levels
When data on weight loss of onion stored on bamboo platform was regressed against the number of rotting of onion bulbs, a linear relationship observed between them. It was obvious that the equation Y=0.0046x2+l .046x-l .6828 gave a good fit to the data and the co-efficient R 2 = 0.9687 value showed that the fitted regression line had a significant regression coefficient. This indIcated that the weight loss increased with increasing percentage of rotting of onion bulbs during storage (Fig. 2) . 
Relationship between sprouting and weight loss as influenced by sulphur levels
A positive linear relationship was observed between weight loss of onion and number of sprouted onions during storage when data was regressed (Fig. 3) . Here, the equation was Y6.4933x2-I42.O2x+8 13.26 and the value of the coefficient of determination R 2 = 0.3204 gave best fit and showed that the fitted regression line had a significant regression coefficient. This indicated that the weight loss of onion was in creased when the number of sprouted onion increased during the storage. Fig. 3 . Relationship between sprouting and weight loss of onion bulb (average 2 years).
Cumulative weight loss of onion bulb during storage
The percentage of weight loss of onion bulbs at different periods of storage was significantly influenced by sulphur fertilization (Table 2 ). In periodical observation at an interval of 30 days, it was found that the stored bulbs of all treatments lost weight gradually and the maximum weight loss (40.78%) was recorded after 180 days of storage in 60 kg S/ha and the minimum (31.40%) was found in 45 kg S/ha. At lower sulphur supply, the sulphur percentage in cell walls was reduced. Bulbs grown at low sulphur supply had reduced firmness and pungency. Therefore, storage may be adversely affected at low sulphur supply (Lancaster, 2001 ). The bulbs stored on bamboo platform were found in acceptable condition after 6 month of storage showing 31.40% of weight loss. The present findings are in agreement with the results observed by researchers of BAR! (Anonymous, 1999) who also reported minimum weight loss in onion bulb stored in bamboo rack.
Loss in weight of bulb is usually known to be occurred due to rotting, dehydration transpiration, respiration, sprouting, etc. The weight loss is generally caused due to prevailing high temperature, high humidity in storage environment. This is closely related to the moisture deficiency of the surrounding air rather than temperature. It is observed that although high humidity effectively reduced weight loss, however, favoured fungal development, especially at high temperature. When growing onions from sets, the yield does not depend on the age of the sets, but only on their weight and the storage temperature (Palilov, 2005) . 
Cumulative rotten loss of onion bulb during storage
Percentage of rotten bulbs of onion at different days after storage was significantly influenced by sulphur fertilization (Table 3 ). The highest percentage of rotten bulbs (63.75%) after 180 days of storage was observed in the control treatments (without sulphur). The minimum value of 37.04% (loss) being noted for crops grown with 45 kg S/ha. It reveals from the findings that sulphur addition has favoured storability of onion bulbs. Lancaster et al. (2001) reported that bulbs grown at low sulphur supply reduced firmness and pungency. Therefore, storage may be adversely affected at low sulphur supply. Rafika et al. (2005) reported that storage life was correlated with dry matter content.
During storage, two diseases, namely bacterial soft rot (Erwinia caratovora) and black mold (Aspergillus niger) were observed in onions of all the treatments. These diseases attacked different parts from base to the neck of the bulbs. The tissues of the onions were affected by soft rot like water soaked and appeared shrunken and brownish in the advance stages of infection. Black mold rot produced black powdery masses on the outside scale, following the veins. Similar results were found by Srinivasan et al. (2002) reported that Aspergillus niger was found to be the predominant pathogen associated with black mould rot of onion during storage. Application of higher doses of calcium in the form of gypsum (400 kg/ha) and lower dose of nitrogen in the form of urea (50 kg/ha) to the field and advancing the harvest of onion bulbs by fifteen days significantly reduced the spoilage of bulbs during storage. Ahmed and Rashid (1981) opined that the rotting in stored onion was caused by both bacterial and fungi and among the fungi Aspergillus, Botrytis and Colletotrichum, were identified. Onion kept in bamboo rack remained drier compared to other methods, which was perhaps the reasons of less rotting. The highest (9146%) marginal rate of return (MRR) with gross margin of Tk. 18184/ha were obtained from the sulphur level S 60 kg/ha (Table 4) . From the economic point of view, it was found to be the most suitable fertilizer dose for cultivation of onion in soil under study and in its extrapolation area as well. From the study, it may be concluded that application of S 75 kg/ha can produce the maxmimum bulb yield of onion, but S 60 kg/ha contributes to the highest economic return. On the other hand, sulphur application upto 45 kg/ha increased the storage duration of onion bulbs and thereafter decreased slowly.
